A bidirectional relationship exists between epilepsy and depression. However, any putative biological gradient between depression severity and the risk of epilepsy, and the degree to which depression mediates the influence of independent risk factors for epilepsy, has yet to be examined.
It has therefore been postulated that there may be shared pathophysiological mechanisms between epilepsy and psychiatric disease. Overlapping neuroanatomical regions, such as the temporal, orbitofrontal, and inferior prefrontal areas, and altered expression and function of specific neurotransmitters have been identified as potential substrates for depression and epilepsy 3, 4 Despite this, prior studies have not addressed the hazard of developing epilepsy following an incident diagnosis of depression, or whether there is a biological gradient in the risk of epilepsy according to depression severity. In addition, mediation analyses of depression and epilepsy have yet to be performed. Finally, the effect of depression on seizure outcomes has yet to be explored in detail. We postulated a priori that depression severity is associated with an incremental hazard for epilepsy and that depression mediates the interaction between other risk factors and epilepsy.
Methods

The Health Improvement Network
The Health Improvement Network (THIN) database contains valid, complete [5] [6] [7] prospective data that are broadly representative of the general population of the United Kingdom. The data are pseudoanonymized. However, patients can request that their general practitioner not allow their medical records to be used for medical research. Patients were provided with opt-out forms, and their data were excluded from research purposes at their request. Despite this, the database has been demonstrated to be representative of the overall UK population.
Study Population
We required that all patients were active after the Acceptable Mortality Reporting date, the year in which mortality reporting was deemed complete and accurate for each practice, thus functioning as an indicator for high-quality data collection. We used a 5-year washout period from first medical code after the Acceptable Mortality Reporting date to exclude patients with prevalent epilepsy and depression. All patients between 18 and 90 years of age at first medical code entry who met these conditions were included.
Patients developing presumed incident epilepsy were identified using a previously published pediatric epilepsy Read code definition designed for THIN. This algorithm has been demonstrated to be 92% accurate. 9 After review by 2 epileptologists (C.B.J. and S.W.), the algorithm is expected to perform similarly in an adult population. The case definition requires a diagnosis of an epilepsy syndrome or 2 symptoms of epilepsy (ie, codes for nonfebrile seizures on 2 or more occasions) and a prescription for an antiepileptic drug repeated within a 4-month period.
A consensus-driven case definition of depression was developed by 2 coauthors with expertise in psychiatry (I.V. and S.P.). The definition requires the presence of any Read code for a diagnosis of depression. Read codes associated with only symptoms of depression, bipolar disorder, mania, or hypomania were excluded (eAppendix 1 in the Supplement).
Determining the Hazard of Depression Following Incident Epilepsy
We first sought to confirm the anticipated increased hazard of depression among patients meeting the incident case definition for epilepsy. We observed patients from the time of the first medical code designation after the washout period until an incident diagnosis of depression, death, loss to follow-up, or end of follow-up. Epilepsy was treated as a time-varying covariate in this analysis. Patients were coded as "0" until the date they met the case definition for epilepsy (at which point they were coded as "1") and were considered to have the disease thereafter for the remainder of the study.
Determining the Hazard of Epilepsy Following Incident Depression
We next sought to determine whether those meeting the incident case definition of depression had an increased hazard of developing incident epilepsy. We observed patients until an incident diagnosis of epilepsy, death, loss to follow-up, or end of follow-up. Depression was treated as a time-varying covariate for this analysis. Again, patients were considered to have the disease for the remainder of the study after meeting the case definition.
We also explored the effect of depression treatment, using it as a proxy for depression severity, by selecting Read codes and Multilex codes for antidepressants and counselling (eAppendix 2 in the Supplement). Depression treatment was treated as a time-varying covariate in a survival analysis of the time to develop incident epilepsy. To assess whether depression treatment was associated with an increased risk of epilepsy, the hazard of epilepsy was compared with a composite group (comprising those without depression and those with untreated depression).
Statistical Analysis of the Association Between Epilepsy and Depression
Survival analyses were used to compare the hazard of depression following epilepsy and vice versa. Nelson-Aalen cumulative hazard plots were generated in which the index date (time zero) was the time of the patient's first medical code designation of any kind following the 5-year washout period for depression and epilepsy after the Acceptable Mortality Reporting date. To avoid immortal time bias, depression, depression treatment, and epilepsy were analyzed as time-varying covariates. 10 Patients were coded as "0" prior to the diagnosis of depression, epilepsy, or depression treatment, and then as "1" on the date they met the case definition that incorporated the 5-year washout period. Patients were censored at the date of death, the date of last follow-up, or the end of the analysis period if no outcome occurred. We also performed a sensitivity analysis in which we treated each form of therapy (counselling and antidepressant medications) as separate time-varying covariates and as an interaction term in a Cox proportional hazards regression model to delineate the individual and combined effect of each intervention. We anticipated that this would function as a surrogate measure of depression severity, with counselling being reserved for milder cases and antidepressants (with or without counselling) being reserved for more severe cases. The hazard for each treatment stratum was compared with a composite-group hazard for those without depression and those with untreated depression.
We identified a priori the following independent variables for the survival analyses: age at index date, sex, Charlson Comorbidity Index (CCI), and socioeconomic status (as defined by the Townsend Deprivation Index [TDI]). These variables are associated with a risk of mental illness [11] [12] [13] and epilepsy. 14 The TDI was recorded at the most recent census date for the region in which the patient was last residing. We calculated the CCI after 5 years of THIN follow-up (starting from the patient's first medical code) to permit sufficient time for concurrent conditions to develop. We separately evaluated the influence of the CCI calculated over the last 5 years of follow-up in THIN, as well as over the entire follow-up period, in a sensitivity analysis. We then evaluated the role of depression in the relationship between known independent risk factors and the development of epilepsy in a mediation analysis for time-to-event outcomes 15 using the entire cohort (those free of depression and epilepsy at index date).
Evaluating the Effect of Depression on Seizure Outcome
We also sought to determine whether depression was associated with worse seizure outcomes. We used the Calgary Comprehensive Epilepsy Programme (CEP) database, a registry of adult (≥18 years of age) outpatient encounters that draws from a population of 1.3 million people. Prospective data collection began in 2007 using standardized forms completed by patients and staff epileptologists pertaining to demographics, seizure and epilepsy characteristics, medical and psychiatric history, physical examination findings, the results of diagnostic investigations, multidisciplinary consultations, use of antiepileptic drugs, and surgical history. Epilepsy-specific indices (eg, epilepsy syndrome, seizure types, and diagnostic results) are captured by the staff epileptologists. All epilepsy diagnoses are made by 1 of 6 core staff epileptologists initially using the 2005 International League Against Epilepsy consensus definition 16 and then the updated 2014 criteria. Research Unit. Multiple logistic regression modeling was used to evaluate the association between depression and 1-year seizure freedom. First, we used the presence of depression as the exposure variable and controlled for age, sex, lesional epilepsy (as determined through 1.5-or 3-T magnetic resonance imaging), history of generalized tonic-clonic seizures, and whether the patient was taking an antiepileptic drug (evaluated as a dichotomous variable to account for the psychotropic properties of certain medications). We then selected only those patients with depression and used current depression-specific therapy (antidepressants and/or counselling) as the exposure and controlled for the same variables. The predictive accuracy of each model was assessed using the C statistic.
All analyses using both THIN and CEP data were conducted using Stata version 13.1 20 and R. 21 Statistical significance was set at P ≤ .05.
Results
THIN Analyses
We identified 10 595 709 patients in THIN of whom 229 164 (2.2%) developed depression and 97 177 (0.9%) developed epilepsy. 
The Risk of Epilepsy Following Incident Depression
When controlling for age, female sex, TDI, and CCI, the hazard of developing epilepsy was significantly higher for those developing incident depression (HR, 2.54 [95% CI, 2.48-2.60]; P < .001) than for those free of depression (Table 1) . Furthermore, in the mediation analysis, occurrence of depression influenced the relationship between sex, TDI, CCI, and incident epilepsy, accounting for 4.6%, 7.1%, and 20.6% of the total effects of these explanatory variables, respectively. The HR for developing epilepsy in those with incident depression (compared with those without) did not appreciably change whether the analysis was performed controlling for CCI accrued over the first 5 years of follow-up (HR, 2.54 [95% CI, 2.48-2.60]; P < .001), over the last 5 years of follow-up (HR, 2.40 [95% CI, 2.35-2.45]; P < .001), or for the full period of follow-up (HR, 2.51 [95% CI, 2.46-2.57]; P < .001).
The association with incident epilepsy was even stronger for those with treated depression (HR, 3.42 [95% CI, 3.37-3.47]; P < .001) ( Figure) .
The Association Between Depression and Seizure Outcome
We identified 2573 patients in the CEP cohort of whom 504 (20%) achieved 1-year seizure freedom over the year prior to their first clinic visit. The presence of past or current depression was associated with higher odds of failing to achieve seizure freedom over the previous year compared with those free of depression (odds ratio, 1.41 [95% CI, 1.03-1.96]; P = .03; C statistic, 0.62) ( Table 3) .
When focusing only on those with current or past depression (n = 738), current depression treatment (antidepressants and/or counselling) was associated with a statistically significant higher odds of failing to achieve 1-year seizure freedom (odds ratio, 1.75 [95% CI, 1.06-2.94]; P = .03; C statistic, 0.64) after controlling for age at onset of epilepsy, sex, lesional epilepsy detected by magnetic resonance imaging, a history of generalized tonic-clonic seizures, and current antiepileptic drug use ( Table 4) .
Discussion
This study used 2 independent sources of data to explore the relationship between depression and epilepsy. First, using electronic medical records data derived from a population-based general practice cohort, we demonstrated a strong association between the severity of an incident diagnosis of depression and developing subsequent epilepsy. In addition, using more detailed clinical data, we demonstrated that depression is associated with not only an increased hazard of epilepsy but worse seizure outcomes compared with those free from depression. This study benefits from the statistical power conferred by THIN database and by the systematic collection of highquality clinical data in the CEP database. In THIN, we evaluated an unselected group of patients who, apart from their age, are not restricted by demographic, clinical, or diagnostic indices. The internal and external validity of the study should be high because THIN contains valid and complete prospective primary care data that are broadly representative of the UK population. [5] [6] [7] The reliability of the data are enhanced through the UK's health care model in which each patient can only be registered with a single general practitioner who is responsible for virtually all specialist referrals. All information resulting from specialist evaluation and emergent medical care is forwarded to the general practitioner, who recorded it in THIN using the Read code system.
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Our incidence estimate for depression (2.2%), although lower than the anticipated incidence of 7% to 8%, 23 is consistent with that reported in prior analyses using THIN (2.5%).
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Underascertainment of depression is expected in THIN database owing to the vagaries of the reporting system. 24 We used a 5-year washout period to increase the chance that each diagnosis was incident, thus adhering to recommendations for chronic, relapsing conditions such as epilepsy and depression, 25 and to maintain consistency with other studies using population-based UK electronic medical records to evaluate depression and epilepsy. 2 
Limitations
This study also has limitations. The source data did not allow us to control for etiology, epilepsy subtype, or other conditions that could cause both epilepsy and depression. Also, we cannot exclude the potential for inadvertently including patients with nonepileptic events in our cohort, although the reported accuracy (92%) and the comprehensive nature of the definition do help mitigate the risk of producing misleadingly inflated estimates. We were unable to determine whether patients continued with antidepressant therapy, and we could not control for dose, duration, or frequency of therapy sessions. Nonetheless, the simple need for antidepressant treatment significantly enhanced the hazard of epilepsy. In addition, epilepsy and depression could be underreported in THIN, which could lead to nondifferential misclassification bias and underestimation of the overall point estimates. Furthermore, differential misclassification bias is a possibility if mild depression was disproportionately underreported by general practitioners owing to its perceived lack of severity. If that is the case, one would anticipate dilution of the overall gradient effect due to the relative preponderance of patients with mild depression in the untreated stratum. Finally, depression treatment may not be predicated on severity but, instead, on patient or physician preference and resource availability. However, this risk is likely minimal because counselling is recommended as first-line treatment for mild depression, whereas combination therapy (antidepressants and counselling) is reserved for severe depression according to primary care guidelines.
26,27
We are unable to definitively establish a cause-effect relationship because of the study design. However, the strong, specific, and temporal association between the exposure (depression) and the outcome (epilepsy) provides compelling evidence suggestive of a causal association. If one assumes that depression treatment is a surrogate marker for depression severity, then there also appears to be a biological gradient. This assertion is corroborated by the incremental hazard of epilepsy among those receiving counselling alone (lowest hazard), antidepressants alone (intermediate hazard), and a combination of counselling and antidepressants (highest hazard). Another interpretation, though, could be that antidepressant treatment itself augments the hazard of epilepsy or that patients are more severely depressed because they have not achieved 1-year seizure freedom. However, the idea that depression treatment increases the hazard of epilepsy or enhances the odds of a poor outcome is less biologically plausible because counselling alone was associated with an elevated risk of seizures. Furthermore, counselling interacted with antidepressant exposure and resulted in a 3-fold increase in the hazard of epilepsy over that of medications alone. This association is clearly counterintuitive from a pathophysiological perspective. Rather, it is entirely more congruent with the notion that treatment is acting as a proxy for depression severity and is thus consistent with the existence of a biological doseresponse relationship. Finally, a recent review 28 has indicated that virtually all antidepressants are safe for patients with epilepsy, thereby debunking the notion that these medications increase the risk of seizures.
Conclusions
Our study adds to the existing knowledge by demonstrating a temporal association and an apparent severity gradient in the association between depression and epilepsy. Furthermore, we provide novel evidence that depression partially mediates the effects of sex, socioeconomic deprivation, and CCI on the risk of developing epilepsy. This suggests that depressionspecific interventions might reduce the overall effect of each of these variables on epilepsy. Finally, we provide corroborating evidence that depression is associated with worse epilepsy outcomes.
29
Additional studies building on these results are warranted. Specifically, prospective studies designed to address causation are needed. These studies should also stratify outcomes to determine whether the risk is equivalent between epilepsy subtypes (generalized vs focal and/or temporal vs extratemporal). Genetic and functional neuroimaging studies are required to determine whether genomics, proteomics, and connectomics vary according to the presence or absence of depression in those with epilepsy. These preliminary results, however, indicate a shared relationship between depression and epilepsy, with each appearing to act as a risk factor for the other, and, therefore, should have a direct effect on counselling and management.
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